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Abstract. The term Internet of Things (IoT) is widely used and discussed.
However, there is still no scientifically generally valid definition and therefore
no uniform understanding of the term in practice. To counteract this, we present
a possibility to limit the term with the help of applications in the IoT environment.
Specifically, we analyze the use of IoT along the value chain of companies by
conducting a structured literature analysis.
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1

Introduction

The Internet of Things describes the digitization and internet-capable integration of
physical objects into the networked society [1]. In addition, the term includes things
that not only collect local information autonomously, but also learn from it, adapt it and
use it to interact with the world around them [2-4]. The aim of such devices is to create
added value through appropriate services. In this case, the notion of IoT goes back to
Kevin Ashton and the Auto-ID Center at the MIT. They designed a company-wide radio
frequency identification (RFID) infrastructure in 1999 [5].
Today, there is an increasing number of previously non-digital products (e.g. light
bulbs, bikes and watches) being equipped with sensing technology, application logic,
and a network connection. Generally referred to as product service systems (PSS), they
are defined as a combination of products and services. While these services initially
only extended the functionality of a product [6], such systems may have inverse roles
nowadays, in which the product is only a vehicle of the service. Their emergence has
led to numerous areas of application in sectors like energy, healthcare, or home
automation, changing the nature of business models in these industries [3]. IoT is also
omnipresent within companies in all areas such as production and logistics. Through
2020, an estimated 26 billion smart objects will be installed, generating a market size
of approximately $7.1 trillion [7-9].
Although IoT is omnipresent and a widely discussed multidisciplinary topic in
various fields such as computer science and telecommunications, there is still no unified
and valid definition of the term in the academic literature [10-12]. According to our
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research, there is currently a different understanding of what is meant by IoT, which in
turn makes it difficult to discuss. In order to counteract this situation, we have set
ourselves the goal of developing a universally valid definition of IoT in science and
practice. In particular, we want to counteract marketing terms such as Industry 4.0 and
analyze the technical bases of the terms. From our point of view, IoT is nothing new,
but merely the linking of existing technical components with corresponding business
models. Some researchers have also noted a clear need for research in this area [1],
[11], [12]. In order to define an object, it is necessary to become aware of all facets of
it. For this reason, we have conducted an extensive investigation of existing
applications of IoT. Since the variety of IoT applications ranges from music events to
intelligent devices in the medical field, we have limited ourselves to the business
process of value creation in a company in order to be able to make an abstraction on
this basis [13], [14]. By identifying all facets of the IoT along the value chain, we try
to investigate all similarities and then summarize them into a common definition. The
paper on hand aims to present our research idea and the first results of the far-reaching
literature analysis.

2

Theoretical Background

2.1

Research Methods

As part of this work and the associated search strategy, the literature analysis process
was extended or modified in some places according to vom Brocke et al. [15] (cf. Figure
1). In addition to the aforementioned five-step search process, reference was also made
to the information flow diagram of Frost and Lyons [16].
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The figure illustrates the extended, six-stage search process which was carried out
within the framework of this literature search. It should be emphasized that the keyword
search consists of several iterations (phase 3). After defining the framework conditions
within the first and second phase according to the research question, the actual search
process can be started. The basis for this search is the so-called extraction log, in which
all the necessary article information for each iteration is stored and which is used at the
end for a final concept matrix. The matrix consists of articles, which are filtered out
and the final search string can be worked out step by step. After the third phase has
been successfully completed, the actual analysis steps (phase 4 & phase 5) can be
started, which in this case do not differ from the procedure of vom Brocke et al. [15].
At the end, the result is the final extraction log, which in turn can be used as the basis
for the concept matrix. It should also be mentioned that although forward and backward
searches are relevant for the classic vom Brocke et al. [15] method, they were not part
of the literature search strategy in the context of this work. The results of the individual
phase and the number of identified contributions after the various search iterations are
explained in more detail in the following chapter and evaluated accordingly.
2.2

Literature Review

As literature addressing definitions of IoT is very limited, we expand the focus of our
research goal by looking at every facet of IoT. Due to the huge amount of literature
concerning IoT and in line with scholars who recommend focusing on high quality
outlets, we only considered articles published in outlets ranked (A+ to D) in the VHBJOURQUAL3 [17]. For this purpose, the respective sub-ratings of the VHB were used
as the basis for the search. We conducted a structured literature review following the
methodology explained above. We used a search query consisting of three building
blocks. On the one hand, these consisted of the IoT focus and the Value Chain focus
with the respective key words following Porter [18], which can be seen in Figure 3, and
on the other hand of the scientific outlets mentioned above. The keywords had to appear
either in the title, abstract or keywords.
Our search resulted in an initial set of 596 papers. We analyzed the applicability of
the cases presented in the papers by their title and abstract. The main reason for the
exclusion of papers was that they either did not reveal any facets of IoT or they did not
present any abstractable use cases for our research objective. The number of results was
already reduced by more than half after this step. This analysis step can already be
described as very accurate, because the subsequent full text analysis only classified 32
of the remaining articles as not relevant, leading to 225 articles for the content
evaluation.
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3

Evaluation

In this chapter, the content of the literature within the different concepts or business
areas of the value chain is examined for concrete application scenarios of IoT.
Therefore, the results are first clustered according to their respective value chain areas
in order to then graphically analyze the individual technology approaches and their
connections to each other. With regard to obtain a compact overview of the literature,
we have not looked at each article individually, but have worked out the most frequently
occurring application potentials of IoT. The following analysis is therefore based on
exemplary IoT scenarios, which should not be regarded as exhaustive, but merely
reflect a representative section of the literature. The focus lies on the technology drivers
behind the recent transformation wave and their integration approaches among each
other, since most technologies do not occur in isolation, but in interaction and therefore,
compatibility is of crucial importance. However, before we go into the detailed
evaluation, the following illustrations should give a first graphical overview of the
article distribution per company division as well as the technology distribution. It might
occur that an article deals with several or even all divisions.
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Figure 3. Evaluation by value chain area

Figure 4. Technology distribution in retail

59 of the 225 identified articles deal with the IoT topic in the sales environment. In this
context the concept of “smart retailing” was introduced, which refers to the use of retail
IoT technologies to improve the quality of the shopping experience. In this scenario,
smart and intelligent technologies are seen as enabling innovation and improving the
quality of life of consumers [19]. How these technologies are reflected in the literature
identified as relevant can be seen in figure 4.
It should be noted that in the case of sales-related processes, the smartphone is most
frequently mentioned as IoT technology – compared to the processes in other value
chain areas. Customers usually carry these devices with them and companies have the
ability to access the display or payment function of such devices easily and integrate
them into their business activities. The authors also see many application potentials for
data analytics on the sales floor. For example, the product and customer data can be
analyzed to dynamically adjust prices at any time. More details will be explained in the
context of the appropriate subchapter. The evaluation of the literature has also shown
that sensors and corresponding chips can be used in the retail context on different levels
(product, shelves, cash machines, e.g.) or are already actively used. It is not surprising
that robotics and additive manufacturing (AM) have a low number of hits because the
overall evaluation across all value chain areas has already revealed this trend. In the
case of retail processes, information and communications technology (ICT) can be seen
as a basic module for all the other technologies because it provides the appropriate
network or platform, integrates other IoT technologies and interfaces with other
technologies or systems (n = 36).
On the one hand, smart products can provide support during the actual purchasing
process (i.e. still on the sales floor), but on the other hand they can also be useful in the
after-sales area and thus in the private domestic environment. In an article, the authors
Miranda et al. [20] dealt, among other things, with sustainability considerations in the
various phases of the life cycle of an intelligent product, and in this context can name
some advantages in the area of product use and the end of product life. For example,
after-sales maintenance and repair costs can be reduced through the use of e-services
and remote diagnostics, thus increasing customer satisfaction [21]. If customers no
longer need their products after a certain time, manufacturers can, for example, simply
take back the old products, reconfigure them and then reuse or resell them [22]. Such

1812

functionalities can of course only be implemented to a limited extent with purely
mechanical products, which is why the added value for smart products from the
customer and company point of view can be seen in economic, environmental and
social aspects [20].
Cloud Computing
Current trends in the Industry 4.0 research environment show cloud computing as one
of the key technologies for IoT applications [23]. Especially in the context of sales
processes, the provision of digital services requires the combination of cloud content, a
physical product with embedded hardware and software, and a link channel to provide
the services to the customer [24]. Such a service provision for the customer can be
implemented, for example, by a cloud-based smartphone-app like the start-up
BEXT360 within the coffee industry [25] or by integrating smart refrigerators into a
cloud-based ecosystem [22].
ICT
Companies such as Google, Apple and Microsoft have been competing in the area of
Enterprise System Software (ESS) for many years. The shift from ESS to web services,
cloud computing and PSS, rather than installed components, provides future researchers
new possibilities [26]. In addition to platform strategies, cyber-physical systems (CPS)
also play an important role. A mechatronic system that uses CPS is an intelligent
product due to its composition that integrates embedded systems and enables
communication with other smart products. In general, a product can be smart if it uses
ICT to improve its functionality and productivity. This is how the concept of PSS
emerged, which integrates products and e-services into individual solutions for
customers [20]. In the context of radio-frequency identification (RFID) different
information systems or platforms may be used, depending on the industry or technology
focus. One article speaks of a so-called EPICS-System (short for electronic product
code information service). In this case, a GS1 standard automatically detects the
movement of RFID tags and processes events according to predefined policies [27].
The result can be regarded as an RFID-based self-contained information system, which
brings enormous advantages on the customer and company side.
Data Analytics
The authors Simchi-Evi and Wu [28] have analyzed the potentials of Big Data analysis
in the context of price optimization models and price strategy adjustments, because not
until now the retail sector has been in such a complex and competitive environment as
in the current digitalization age. For example, based on product images and supplier
information, customers in the Netherlands have the opportunity to bid online using a
virtual auction watch [29]. Other authors have also focused on pricing strategies and
models in the context of Big Data analysis tools. For example, in his article Weber [30]
dealt with artificial intelligence systems in connection with sharing markets. By
embedding intelligence in products, businesses and individuals, a so-called
collaborative consumption arises. These recent developments have also encouraged
some players in the automotive industry to develop new sharing solutions for urban
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mobility. The business initiative ENJOY, which was developed through a joint venture
between Fiat Chrysler and ENI, can be shown as an example. With their smartphones,
customers can quickly find, book and activate the desired vehicle and pay for the service
based on their actual usage [31]. Amazon has tremendous potential to customize the
value proposition for its customers. Through intelligent algorithms, Amazon knows
where its customers live, what they have bought and what they might be interested in
[32]. Nevertheless, companies such as Google or Ebay have also discovered these
analytical capabilities and offer intelligent marketplace platforms as a service [33].
Sensor technology
The first study, which was considered relevant in the field of sensor technology,
examines the needs of older consumers in the food sector and their implications for the
food supply chain in a more holistic demand chain approach [34]. As a central result of
this study, the following could be stated: Although the aging society also poses new
challenges for the sales process, it can be positively counteracted by the use of IoT
technologies. Among other things, the authors mention RFID technology, because
RFID can significantly simplify the purchasing process on the customer side. Another
author differentiates between two distinct RFID-based product applications on the sales
area: (1) RFID as a central feature of the object itself and (2) RFID as a marking for the
respective objects. The first group represents a central benefit for the customer, whereas
the second option brings significant benefits to producers or companies [35]. Practical
examples in the context of the first deployment scenario include a smart mirror, such
as one from Panasonic, which is currently on the market, and OAK’s smart changing
room. Smart shelves, on the other hand, can be assigned to both RFID product
applications. For example, Shelf Vending refrigerators are equipped with a system that
recognizes and monitors the quantity and type of food being stored, so it automatically
detects when consumers or employees remove products from the shelves [22]. No
matter whether RFID chips are used on products, shelves or mirrors, the advantages for
the authors are always the automation, the clear identification as well as the additional
sources of information and the future will enable an easy customer and product
profiling.
Mobile computing
Front-end digitization enables completely new types of customer interaction, such as
creating self-service touch points with personal digital assistants, tablets or
smartphones [36]. The first relevant articles deal with smartphones in the context of
mobile coupons [19], [37]. The remaining articles all deal with the same application:
smartphones as product information display. Quick response (QR) codes on the
products give customers access to product information or product reviews directly on
their smartphone display [22], [34]. Most common are applications that are not limited
to providing product-related information, but also allow the sharing of product images
and experience within a public network [19], [23]. Companies like Tesco and Amazon
have taken advantage of the possibility to scan products via QR-codes and install
appropriate applications within their business models [22]. Mobile payment systems
have also become a hotspot for digital innovations. Smartphone manufacturers,
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telecommunications operators, payment service provider, software companies and
start-ups are increasingly entering the payment market. We are not only talking about
well-known companies like Google, Facebook or Apple, but also early-payment
entrepreneurs such as Square, Paypal and Izettle [38]. These developments should
significantly improve and automate the entire purchasing process – from information
provision to payment process – on the customer and company side. Consequently,
smartphones can be part of the IoT in various ways and making life easier for
customers, companies and manufacturer.
AM
One of the articles considered the methodology of rapid prototyping (RP) as relevant
in the context of AM. RP is currently mainly presented in the areas of production or
research and development. According to the authors, however, the technology is being
used more and more within the sales area. For example, RP can be used for product
presentation to demonstrate the products in real. The big advantage is that the
technology provides a prototype without long production time and allows to be
modified several times, depending on the customers’ needs. This deployment scenario
is only possible due to the latest developments in machine learning and artificial
intelligence techniques [39]. This shift of the product design phase to the customers can
be seen as a decentralization approach, which creates a so-called temporarily supply
chain. As a result, organizations are able to adopt ever-changing businesses and
customer needs, without significant costs and time penalties [23].
Robotics
Robotics, on the other hand, currently has little acceptance in the context of sales
processes, as only one article deals with this kind of IoT technology. The authors focus
on a special kind of robotics, namely the so-called wearable robotics. Wearable robotics
is a new field of research, focused primarily on the development of intelligent assistive
devices and exoskeletons, which support human movement or enhance human
performance. In this case, the robots consist of a series of actuators and sensors and
require the development of advanced software and algorithms to process the data and
control the system. Currently smart auxiliary devices (e.g. for arms) are commercially
available and used by logistics providers. They can support different kinds of physical
tasks, e.g. lifting and picking heavy food packs. Nevertheless, research on exoskeletons
is still at an early stage and primarily focuses on military or medical applications [22].
In the context of sales-related business processes, all technology directions could be
identified as relevant and explained using a wide variety of practical examples. One the
one hand many authors have dealt with same or similar technology approaches and, on
the other hand, some niche potentials have been addressed in some articles. As a result,
there are smart products that can be found in multiple industries or business sectors –
such as the location function of smartphones and corresponding apps – and those that
are more specially designed for their use.
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4

Conclusion and Future Work

The paper provides practical insights from manufacturers in various industries who
have already had advanced experience with the implementation of IoT technologies.
These insights can be seen as a source of learning effects for other companies or
researchers, which plan to implement IoT solutions in their value chain.
From the scientific literature a clear mandate for further research of IoT can be
derived [11], [12]. This also serves as motivation for the research approach presented
below.
The results of the literature analysis presented here serve as an impetus for the
research project. Use cases were extracted from the multitude of literature.
Furthermore, on the basis of these, properties and facets of IoT can be subsumed. The
far-reaching literature base then also serves further to create a taxonomy, if one follows
Nickerson et al. [40].
The methodological approach by Nickerson et al. [40] can be used to structure IoT
services based on conceptual and empirical observations. A taxonomy is defined as a
set of dimensions, each consisting of different, mutually exclusive, and collectively
exhaustive characteristics such that each object under consideration has one
characteristic for each dimension [40]. Taxonomies play an important role in
structuring novel terms and technologies to provide a deeper understanding of emerging
fields of research and application [41]. Haas et al. [42] for example developed an
empirical taxonomy in the field of crowdfunding intermediaries. Through the
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development of this taxonomy and the subsequent analysis of the collected data, they
identified three archetypes of crowdfunding intermediaries.
Through collecting empirical and conceptual data in the area of IoT, common
characteristics and dimensions can be identified. Subsequently, a common definition
can be derived from the general characteristics.
Despite the fact that the literature analysis was conducted with a methodical rigor to
improve the representativeness, the results should not be generalized to other empirical
areas. There are still the natural limitations: (1) restriction on German and English
language, (2) selected keywords search, (3) the selected database and the number of
articles that it contains, and (4) the geographic and content characteristics of the articles
identified as relevant, making it difficult to generalize to all sectors and countries.
As future work we will employ a seven-step method as proposed by Nickerson et al.
[40]. For this purpose, we will collect a unique empirical data set of IoT applications
and define meta-characteristics. These characteristics serve as a reference point for the
dimensions and characteristics which are to be identified. Furthermore, we use the
suggested subjective and objective ending conditions to determine when the taxonomy
is robust. At this stage, we are able to derive a common definition of the term IoT.
Through the above-mentioned process, we are seeking for successful results within
our future research.
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